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Their sizes, locations, and directions are of importance. 
They should be entered upon the plan. 

4. If the tree is splintered, notes should be made of the 
positions of the most distant splinters, as well as of all 
the large ones. The positions of the latter should be 
carefully determined; the distance, position with refer- 
erence to the tree, and the position of the bark are of 
importance. Do they a pear to have hit violently upon 
an end; if so, upon whit%; if not, is there any evidence 
of which part  bore the brunt of the blow? (Tho main 
evidence is to be sou h t  in the ground and in the soiling 

which refate to the nature of the breaks, should be noted 
and photographed. 

Are 
all portions of the splintered material damaged in the 
same way, or is there indication of a path, or of paths, 
of eculiar damage? In the latter case, how do these 

they reach the surface at  an point; if so, where, and 

sectional dimensions of the paths, and how do they vary 
from point to point! Trace the paths as far as possible; 
do they encounter any knots and; if so, how do they 
pass around them? 

6. Search for punctures of the bark; remember that 
they may be very small. Are their borders scorched? 
Do they appear to have been made by a mechanical 
force acting from within outward, or the reverse, or 
is there no evidence bearing upon this oint? The 

of the s linter.) Al B significant features, such as those 

5. The nature of the splintering should be noted. 

pat R s differ from the rest, how are they situated, do 

how is the bark affected at  t 3: at point? What are the 

position of each puncture should be carefu s y noted, so 

so that it can be correlated with the other observations. 
If only a segment of the tree is splintered, an especially 
careful search for small unctures should be’made in 
the neighborhood of eact boundary of the splintered 
segment. In  so f a r  as possible, reconstruct the tree in 
the re ion of each uncture so as to determine the size 

the vertical, and the lane in which it lies; the latter 

7. Note carefully the nature and the location of the 
damage to the bark and to the sapwood. Distinguish 
between a mere mechanical tearing of the bark as a 
result of the splintering of the tree and damages of other 
kinds. 
S. If practical, throw the tree and note the location, 

estent, and nature of t.he damnge to the roots, photo- 
graphing ever@ina of interest. Note citrefull how 
the roots lie with reyerence to the ground plan. Jection 
the tree at such points as seem desirable. 

9. Nothing should be moved until everything of interest 
But 

regardin$ after suc records have been made, exhibits should be 
collected, carefully labeled, and preserved, at  least until 
after a detailed re ort has been written. 

10. Above all t!kgs, trust nothing to our memory; 
upon the spot, make written notes of a1 T observations 
and of the impressions which they produce upon 
If practical to do so, move nothing until after you 15% 
written up and studied all the notes which you can other- 
wise obtain: you will frequently find that additional 
observations are desirable. 

of the f ole, depth o P penetration, the angle i t  makes with 

should be entered on t 1 e plan. 

its original position has been recorded. 

OCEAN TEMPERATURES A N D  SEASONAL RAINFALL IN SOUTHERN CALIFORNIA 
A REVIEW OF THEIR RELATION BASED UPON RECORDS OF T H E  PAST NINE YEARS 

By GEORQE F. MCEWEN, Physical Oceanographer 
[The Scripps Institutlon of Oceanography, La Jolln, Calif., December 28,19251 

The continuous record of seasonal rainfall at San Diego 
be an in 1850, and may be regarded as typical of southern 
Cjifornia in the variation from year to year. What is 
the likelihood of being able to redict the rainfall for a 

the record for San Diego, which is the longest available in 
this r ion, there appears to be no definite relation of the 
rainfay during any season either to the rainfall of one 

ear or to that of any sequence of years preceedin it. 

to follow a dry ear as a wet year. T i e  distribution in 

the result of coin tossing or drawing odd and even numbers 
from a pack of numbered cards. 

Although it is im ossible to predict what the next 

it is possible to state the probabilit that it will be be- 
tween an assigned limits. A suita g le frequency curve, 

yielded the resulk entered in Table 1. 

TABLE 1.-Frequency, in number of times per hundred that the 
rainfall at San Diego may be ezpected to have a value between the 
given limits 

mqumcy- - . l  as1 9.21 20.71 21.81 la7 1 1231 7.6 

given year solely from a rainfal P record? On emmining 

$or example, a rainfall above tho avera e is just as li a -ely 

time, of seasons. T rainfall, appears to be as fortuitous as 

season’s rainfall will f e solely from the record of rainfall, 

fitted to t E e 75 values of the seasonal rainfall at San Diego, 

UmtS ____-__ 04.3 3.363 6.3-7.3 7.3-9.3 8.3-11.3 11.3-13.3 13.3-15.3 

~muency . . . l  4.11 8.01 1 .6 )  1.01 0.61 0.31 
Llr& _ _ _ _ _ _ _  16.3-17.3 J7.3-19.3 19.3-21.3 2&3-25.3 25.3-27.3 27.3-29.3 

0.2 
20.3 

I In the paper by L. E. Blochman following the reader will find a dimaaion baaed 
on the San Dwgo ralnlall m r d ,  whi’ch indleat;a a relation between San Diego a b m e r  
? a h  and the rOiniall of the m m h g  8won in southern CalUomIa-Ed. 

F’rom the frequenc distribution of the rainfall, esti- 

given intensity (number of successive years when the 
rainfall is below a given amount) within any period, 50 or 
100 years. For example, in an 11-year interval we may 
espect 8 or more years to have a rainfall less than 9.2 
inches about once in (L century. 

About once in 50 years an 11-year period will contain 
5 or more years during which the seasonal rainfall is less 
than 7.3 inches. The 11-year period from 1893 to 1904 
corresponds to both of these cases. It contained 8 years 
during which the rainfall was less than 9.2 inches, and 5 
years durin which it was less than 7.3 inches. Com- 

is one kind of prediction, although no information 
regarding any particular year is thus obtained. Such 

redictions are of value to engineers in the economic 
fiesign of storage systems for conserving the maximum 
amount of water. 

Considerable work has been done in attempting to 
discover cycles or periodicities in various natural phe- 
nomena. The possibility of cycles in sun spots, tem er- 
ature extremes, drouths, etc., and attempts to !i&d 
correlations based upon such phenomena has moused the 
interest of able investi ators, as well as those less ualified 

of certain cycles have not been ab e to establish their 
claims. The problem of determining cycles em iricdy 
from observational data is in eneral elusive and B ifficult. 

Di o is cyclical, and that the period is about 20 yeam. 
W a e  periods of light and heavy rainfall do alternate in 

mates can be made o 9 the chances of having a drouth of 

puting the c % ances of a flood or drouth of given intensity 

8 to deal with such prob P ems. In  man cases the a vocates 

Many people believe that t h e seasonal rainfall at  San 

T 
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Average 
ofthe 

seasonal 
rainfall 

at.6 
stations 
-~ 

12.9 
10.9 
1.9 
12.2 
10.9 
21.7 

8. I 
7.8 

11.4 

9.0 

general, the length of tlie corresponding tinie interval 
appears to vary too much from its average to justify 
applying the term c cle. 

A simple rainfdsequence at  San Diego, involving 
alternate intervals of 10 and 20 pears was discovered by 
Mr. H. F. Alciatore, a fonier meteorologist of the San 
Diego Weather Burenu. The rainfall e s  ressed in 

m Table 2 under the interval. 
percentages of the average for the whole recorc 7 is ent.cred 

Depar- 
tureof 
rainfall 
from 

9-year 
mean 
~- 

1.5 -. 5 
- 2 5  

.8 -. 6 
10.3 

-2.4 
-2.7 
-3.6 

_ _ _ _ _ _ _ _ _ _  

TABLE Z-Rainfall at Sail Diego, .in per ccnt of the norinal, during 
a sequence of interrials of 10 years, 20 ycnrs, 10 years, etc. 
- 

I 
~1876-18S8 I 1886-1906~1906-191G I 19161936 

i_- ._ . -- 

1 122 1 I 96 109 1 93 1 

1916 ________.___________ 
1917. ____________________._ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1918 . . . . . . . . . . . . . . . . . . . .  
1919 ______________.______ ~ . .__________________ 
1920 _ _ _ _ _ _ _  ~ ________________. . _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  
1821 _ _ _ _ _ _ _ _ _ _ _  ~ ______.__ ~ _____. ._____________ 
19?2 ________.________ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1923 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ _______._______________ 
1924 _________._________________.______________ 
1925 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
B1e.m ._______._______________________________ 

The four middle interrals nre ccniplete, but tlic nrnil- 
able record did not begin unt.il t.lie mirldle of t.he first 
interval, and has extended only to the middle of the 

with 1648, the table indicat:es, 
alt.ernnte intervnls of 10 and 

is alt,pnntely above and 
only rainfall sequence for 

San Diego that the writer h:ts seen which liolds con- 
sistently throughout the whole length of t'he record. 
It suggests the presence of R 30-year cycle. But mlues 
of the seasonal rainfall, above nnd beluw the norrnol, :ire 
irregularly distributed through both the in tends  of 
hi h average and of low sveraige rainfall. 

%'orecasts based entirely upon investigations of the 
rainfall record do not provide an estimnt,e, in tulvaIice, 
of what the rainfall for the coming season will be. The 
conclusion is that s >ecific forecasts of seasonal rsinfall 

be observed and measured. Only iis we npproac1.i to nn 
understa.nding of the processes a t  work to produce r:i.in, 
and as adequate observations are made nnd heconio 
available, can we espect to succeed in the difficult 
problem of forecasting. At present we are only near 
the heginning of such a huge undertaking t1iil.t proniiscs 
to  involve not only investi ntivns of the ,Itniospliere 

investigation dernonstra.te t,he con trvlling influcmce of 
the oceans on the climate snd weather of continentd 
areas. An unusual amount. of he:it reiwhing m y  pirt 
of the ocean results in dianges in atmospheric. pressure 
and temperature gradients in the ocean. Thus changes 
in winds, ocean currents, evaporation, and precipitati*:m 
arise. There is accordingly a continual interaction be- 
tween the ocean and the at.mosphere, as equilibrium is 
approached, but never rectched. Moreover, it  is now 
generally admitted that changes in the surface layer of 
the ocem can be observed months before the occurrence 
of their effect on the weather of a neighborin contrinent. 

Pier. An examination of the rec.ords indicated that tlie 
low rainfall during 1917-18 was preceded by suninier 
ocean temperatures several degrees higher than the 
temperatures during the summer of 1916. In  191s the 
summer temperatures did not return to normal. This 
suggested that a low seasonal rainfall for 191s-19 might 
be expected. (McEwen, 1918, p. 1s; see bibliography.) 
The 1918-19 season proved to be even drier than the 
previous one. The inverse relat,ion between summer 
ocean tem eratures and t.he following seasonal rainfall 

must involve the re I ntion of minfdl to causes that c:m 

and the sen, but the sun as we f 1. The results of extensive 

Since 1915 daily surface t,em eratures o P the ocean 
have been observed at the end o P the Scripps Institution 

indicated f y these three years lead to the consideration 

66.4 1 (H.8) I(59.7)l 63.6 
68.8 (67.2) (62.1) 66.0 
69.3 (67.7) (62;) 66.5 
60.7 (65.1) 64.1 
67.8 (66.;) 61.0 65.0 
06.4 80. I 63.8 
87.8 67.0 60.8 85.2 
69.5 67.7 61.1 66.1 
65.6 63.5 58.1 62.4 
M.9 65.2 61.0 64.4 
67.5 65.9 60.7 64.7 

of a possible tem erature-rainfall relation as one of the 

esperimentnl forecasts from the beginning, rather than 
to withhold the information until a long enough eriod 

validity of the relation. 
Tho avera e seasonal rainfall at six representative 

the coastal region of southern California. Thk follow- 
ing stations were selected on account of the length and 
continuity of their records, and their geographical dis- 
tribution: Bonita, San Diego, Escondiclo, Tustin, Corona, 
and IAOS Angeles. The tem eratures averaged for the 

trial, to give the most consistent results. The usual 
intervnl from July 1 to July 1 of the following year is 
used for the seasonal rainfall. These results to date are 
presented in Table 3. 

TABLE 3.-Sunivner ocean tonperatures at La Jolla, and seasonal 
rainfall during the folloioing Uear in southern California 

institution's prob P ems. It was also decided to publish 

of observations had been made to test adequatey H the 

stations has It? een used as an index of the rainfall over 

interval from August 1 to I;  ctober 15 were bund, by 

In eight, out of the nine pnirs of t.enipera.tnre and rain- 
fall departures the signs arc unlike, thus indicatin a nega- 
t.ive correlnt.ion bet,ween tcnipernture and rainfalf From 
the arernge relttt,ion between tenipernt.ure and rainfall 
clepnrtures shown by the talde, the rainfall for 1925-26 
was estinin.teil to be 12.6 inches, or about an inch above 
the nine-year average. 

The Tla Jolla temperatures have been used becnuse of 
the length of tlie record. A program of daily tempera- 
ture observations at ot.1ic.r con.st stations has been air- 
ried out since the La ,Jollu record hegan. These addi- 
tional ohservations provide a means of obtaining sonie 
ides as to the size of the ocean area that behaves, appros- 
iiiintely as a unit. The average ocean surface tempera- 
ture at  each of three southern California stations, La 
Jolla, Oceansicle (30 miles north), and Hueneme (100 
miles north! is presented in Table 4. 

TABLE 4.-Ai:cragc ocean teniperatiire at the szcrface during the 
period, dicgtcst 1 to October 16 at cach of three coast slalions, La 
Jolla, Oceunside, and Hueneme, in southern California . 

Average 1 La Jolla 1 '2;:- /Hueneme/ stations Of3 

2 Entries in parenthesis. ( ). hnve been estimated from the temperature at La Jolla 
from the sversge difference between the temperature at La Jolla and the other statlons 
based upon the remainlng observed values. 
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The consistent variation of tem erature shown by 

be used as an indax of conditions over a large area. Since 
1921, during a period of sereral months, from sprin till 
autumn, frequent temperature observations hare %een 
made a t  two stations, one 5 miles west of the Scripps 
Institution Pier, and one 10 miles west. Weeld aver- 

gose  observed at  the pier, thus affordin additional 

conditions throughout an estensi ve area. Evidence that 
temperature variations at inshore stations may be indica- 
tive of corresponding changes in a region extendin hun- 

observations from ships plying between San Francisco 
and Hawaii. Surface water tem eratures taken from 
San Francisco about halfway to ftawaii were averaged 
by uadrangles 2' on a side or about 120 miles square 

1921 and 1922. About 300 temperatures were available 
for each period. The results are entered in Table 5, 
which shows that in 1923 the water was 1.5' F. warmer 
than in 1921. This difference is in agreement with 
Tables 3 and 4. 

TABLE 5.-Average surface lemperalure in two-degree quadrangles 
from San Francisco half way lo Hawaii during lhe period, August 1 
lo 0clobe.r 16 i n  1961 and 1996 

Table 4 indicates that any one of t i e stations may be 

es of these temperatures have varied consistent i! y with 

evidence that pier temperatures are a relia % le indes of 

dreds or even thousands of miles away is affor d ed by 

for B t e period of 11 weeks from ,4ugust 1 to October 15 in 

1921 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  5 8 5  6 1 2  64.4 6 5 1  6 5 0  6S.O 6 6 7  70.5 
1832 _ _ _ _ _ _ _ _ _ _ _ _ _ _  6 0 0 1  G1:21 65.71 66.71 7 6 0 1  B s 5 1  6 9 4 1  71.1 

Difl_________ I -1.51 0.01 -1.31 -1.61 -5.01 -0.51 - 2 7 1  -0.7 

The average temperature at  La Jolla, Oceanside, and 
Hueneme (last column of Table 4) will now be consid- 
ered in relation to the seasonal rainfall in each of several 
selected regions in sout.hern California. Seven groups of 
rainfall stations having a sufficiently long record have 
been selected with reference to geographical differences. 
The stations making up these groups are listed below, 
each group being designated by a letter for reference. 

A-Bonita, San Diego, Escondido, Tustin, Corona, and 
Los An eles (low altitude and not far from the coast). 

B-&ne Valley Reservoir, Huntington Lake, Kern- 
ville, Tule, and Yosemite (high altitude and farthest from 

I 

the coast)I 
C-Azusa, Kaweah No. 1. Lvtle Creek. Borel. Mill 

Creek No. 3, Santa Ana River g o .  1, and Sierra (inter- 
mediate altitude and distance from the coast). 

D-Lower Otay, Bonita, Escondido, El Cajon, Snn 
Diego, Barrett Dam, Divertin Dam, El Capitan, Morena 

from a low altitude near the coast to a lerel of 

E-Morena Reservoir and Cuyamaca (high altitude 
stations in San Diego County, about 75 miles from the 
coast) . 

F-Lower Otay, Bonita, Escondido, El Cajon, and San 
Diego (low altitude stations in San Diego County, the 
group farthest south). 

Reservoir, and Cuyamaca ( 8 an Diego County stations 

rmginf 5,000 eet). 

correiponding to these groups is presented by the hap,  
Figure 1. 

20 I I9 llb 117 115 114 

FIG. l.-RainlaU areas used In this study. (Area F is formed by the 0~fd8ppIng parts 
of areas A and D ;area a. Euntington M e ,  forms a part of area B.) 

The relation of the seasonal rainfall, averaged for each 
group, to temperature, was found by fitting to the data 
the parabolic function 

R=R,+kt+lt  ' (1) 
In  this ex ression, R is the seasonal rainfall, RF is the 

(temperature- 64.7), k and I are constant coefficients 
depending upon the way in which the rainfall varies with 
respect to temperature. The values of the constants R,, 
k, and I are presented in Table 6. 

TABLE B.-Tabulalion of the values of the conslants in the tetnpera- 
lure-rainfall formula ( 1 )  grouped according to the regions A, E, c ,  
eiC. 

average of t K e values of R for the nine-year penod, t =  

Group l 8 l L l R -  

All of the data are assembled in Table 7, arranged 
accordin to years. The computed values of the rainfall, 
R result f rom substituting the temperature in formula (1). 
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1916-17 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1917-18 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1918-19 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1919-20 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1920-21 _ _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _  
1921-13 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1921-23 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
19.23-24 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1924-24 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

and accordingly the reliability of a forecast. Over 75 per 
cent of the points lie between the two dashed lines 
corresponding to errors equal to or less than 2 inches, 

- .  
63.6 -1.1 g - 1  4;7 n - 2  n 8  
66.0 1.3 21.1 - 2 3  19.4 -40 
6 6 . 5 1 . 8  17.0-6.4 1 8 . 1 4 . 3  
64.2 -.5 21.4 4.0 25.1 1.7 
65.0 . 3  2 5 . 9 2 . 5  224-1 .0  
63.8 -.9 36.0126 26.5 3.1 
65.2 . 5  20.2-3.2 21.8-1.6 
66.1 1.4 1 5 . 2 4 2  19.1-4.3 
6 2 4 - 2 3  19.7-3.7 3 2 0 8 . 6  

TABLE 7.-Seasonal rainfall R and departure r from the 9-year 
average for several groups of slalions in  southern California, observed 
and computed from ocean temperatures T .  

(See p. 485 for explanation of mupa A, B, C, etc.) 

6- 
COMPUTED RAINFALL ------ OBSERVED RAINFALL - AVERAGE RAINFALL 

I I I I. I 

B 
-. 

Observed Computed Computed 

R r  
1 4 2  2.8 
8 8 - 2 6  
8 . 0 - 3 . 4  

1 2 6  1.2 
10.7 -.7 
13.6 2.2 
10.3 -1. 1 
8.6 -2.8 

17.8 6.4 

R ' r  
3 2 0  5.5 
22.7 -3.8 
1.0 -3.5 
26.2 -.3 
28.8 3 3  
3 2 0  5.5 
28.3 1.8 
13. 8-12 9 
32.1 5.6 

R r  
28.0 2.5 
23.7 -28  
22.7 -3.8 
27.6 1.1 
25.8 -. 7 
28. 5 2.0 
?5.4 -1.1 
23.5 -3.0 
31.9 5.4 

19Xl-21_____________-____ I 65.0 . 3 1  10.8 -.6 

20.5 
27.2 . 6  

11. I 
1 2 1  . 7  

D 
- 

Observed Computed 

I T t I  R r l  R r R r  
1 8 3  1.5 

ias 2.0 

14 0 -2.8 
14. (r -1.9 

1 2 7  -4.1 
30.2 13.4 
14.8 - 2 0  
1 2 7  -.9 
13.7 -3.1 

R r  
2 a 6  318 
13.2 -3.6 
12. 0 -4.8 
18.4 1.6 
10. 1 -. 7 
19.9 3.1 
15.3 -1.5 
1 2  9 -3.9 
25.5 8.7 

I G 

I- I- I- I- 1-1- 
1 

-1.1 
R r  

3 2 1  2 3  

1.8 
1.8 -. 5 
. 3  -. 9 
. 5  

1.4 
-2.3 

24.0 -5.8 
26.8 -4.0 
34.9 5.1 

49.1 19.3 
30.0 . a  
a 3  - 8 5  
27.4 -2 4 

21.7 -a 1 

A negative correlation between temperature and raic- 
fall is indicated for each group, but there is only a rough 
numerical agreement between the comput,ed and obsert-ed 
values. That is, but little significance can be attached to 
the numerical results of the computation. A comparison 
of the signs of the observed and computed de nrtures 

The seasonal rainfall estimated for 1925-26 is entered 
in the last line. The same results are shown graphically 
by Fi ures 2 to 8, inwhich valuesof the rainfall are lotted 

dashed lines tbserved rainfall) aerees with that of the 
full lines (computed rainfall). f i e  full lines are con- 
tinued one year beyond the dashed lines in order to 
indicate the estimated rainfall for 1935-26. In Figure 9 
the observed rainfalls for each of the independent 
groups a., b,  e, and e are plotted as ordinates against the 
computed values, as abscisss. The scattering of the 
plotted points about the fu l l  line gives some idea as to 
the agreement between computed and observed values, 

indicates an agreement about SO per cent of t R e tinie. 

as orgnates a ainst years as abscissse. The tren c f  of the COMPUTED RAINFALL 
/4 -  ------- OBSERVED RAINFALL 

12 
- AVERAGE RAINFALL 

I I I I I I 

FIG. 3.--Predicted versus observed rainfall at high altitudes farthest from the mast 

The question arises, will the relation indicated by the 
aratively short series of observations continue to 

Is the relation merely accidental or does it follow 
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from an actual physical relation between rainfall aiid a. 
coinples of factors of which the tempemture of the ocean 
is a partid indes? If :I reasonable hypothesis can 11s 
developed which accounts for results already observed, it 
will sup ort the presumpt.ion of an actual physical 
relstionsli and consequent continuation of the indicated 
rel:lt,ion. !'he following liypot,hesis is offered as a pre- 
liminary attempt, subject to amplification and corrcct.ion 
as more informn tion becomes n.rai.lable. 

Assume t.liat atmospherjc nioisture is su plied by 
enporation from t,he ocean int,o the over P ying air. 
Assume that the rainfall in California. results from condi- 
tions favorable for the precipi t.at.ion of nioist,ure in the 
air trmsferrcd from the ocenn  rea oTer the land. 0t.ht.r 
things being equal, the great,cr the amount of air trains- 
ferrecl from the ocean to the land the greater will be the 
amount of moisture aT-ail:hle for precipitation on t,he 
land. There is abundant obserT-at,ionnl evidence of the 
esistence over the North Pacific Ocean of an area of high 
pressure, which implies an excess mass of air. The 
inonthly avera.ge intensity and area. of this HIGH vary 
perindicdly froiii a niasiiiiuin during lat,c suiiinier to :t 
minilnuin during late winter. Also this seasonal mri:l- 

dist4urbnnce of equilibrium, due partly t.o variations in 
land and ocean temperatures, which produces an irregular 
turbulent or ulsating movement., tending to restore 
equilibrium. birect evidence of such a process is the 
succession of atmospheric disturbances called st,orms. 

In gcnernl, weather conditions vary froin year to year. 
Accordingly, it  seenis reasonable to suppose t,liat. the 

OBSERVED RAINFALL 
/o -- AVERAGE RAINFALL 

FIG. L-Piidicted versus observed rainfall. Srrn Diego County, from near coast to 5,000 
foot altitude 

COMPUTED RAINFALL i t  - -- I , ,  - --- OBSERVED , RAINFALL , 1+1 - AVERAGE RAINFALL 

/2 
FIG. 4.-Predicted versus observed rainfsll at interniedinte altitude and diskinca frilui 

the coast 

tion in tho atmosphere over the ocean is acconipnnicd 
by an invcrse variation over adjacent continental artw. 
Thus there is reason to expect. 11 seasonal interchnnge of 
vast air rnassm between the ocean and continents, the 
transfer beinw toward the continent after late summer, 
resulting in tKe rainy season. RoweTer, this transfer is 
not a uniform or regular process. There is a continual 

76S73-%t--2 

niass OI air over the ocenn in late summer that is available 
for transfer to the lnnd cluring the following winter, or 
rainy season, varies froni year to year. If, after a suinnier 
in which the barometric pressure is relatively high or the 
high prcsauro arra is relatively lar e, a correspondingly 
large iiinount of air is traiisferrec P t,o t,he land, more 
moisture would be a-railable for precipitation. Such a 
conclit.ion would be favorable for a wet. year. Similarly, 
a relnti\-ely lorn barometric pressure or small area of high 
prcssure would be followed by conditions less favorable 
for a supply of water vapor, sufficient to procluce the usual 
amount of rain. According to this hypothesis any index 
of tho estent of the area of high pressure or of the in- 
bensi t.y of the " high " would serve to indicate whether 
t.he following seasonal rainfall would be light or heavy. 

Tliere is a direct relat.ion between the barometric 
gradient and wind velocity over t,he ocean, and t.here is 
convincing evidence (McEweii, 1912, 1914, 1916, and 
1915) of an in-ierse relation between ocean temperatures 
and winds near the Pacific coast of North America. 
Accordingly, ocenn suiface temperatures near shore are 
an index of the condit,ion of the oceanic "high." More- 
over, the relation is an inveiue one, low temperatures 
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correspond to steep barometric. gradient,?, and high 
temperatures correspond to weak barometric gradients. 
Therefore t.he inverse relation found between late sum- 
mer ternperaturcs of the ocean ncnr shore and the follow- 
ing seasonal miliftill would be espected. Thus ocean 
temperatures may be used to forecast the relative amount 
of moisture in the air available for .precipitation. 

But conditions favorable for precipitating the moisture 
must also be present in order t.hat rain may result. Thus 

COMPUTED RAINFALL - - - - --- OBSERVED RAINFALL - AVERAGE RAINFALL 
I I I I I I 
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FIG. 7.-Prcdieted versus oberved rainfall at low altitudes in 8an Diego County, 
farthest south 
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A STUDY O F  SEASONAL FORECASTING FOR CALIFORNIA BASED ON AN ANALYSIS OF PAST RAINY SEASONS 

By L. E. BLOCEMAN 
[Berkeley, Calif.] 

ST NO PSIS 

A st.iidy in seasorinl forecstiiig is here Ijublirierl 011 t,he theiiry 
that coiiditioiis are forming over the Pacific Ocean hcfore the 
rainy season begilis, sild also diiring the qJeriiiig m m t h ,  that 
will, when interpreted, indicate the character of the enauing rain- 
fall season with a high average of probability. 

I have investigated the last 40 seasims (,encling 19'34-35) f w  pres- 
sure, aiid for rsiiifall as far hack as records arc1 availaliie. I have 
ascertained that, when low-pressure areas enter directly the ceiitral 
to suitt.liern California coast in September or Ortoher, t,here is a 
ten-to-one proliability that the ensuing season (,for ceritrnl nnd 
sorit.herii Cslifiirnia) will he an average to wet one. 

I have also collected data to show that in t.he SCRSOIIS in which 
Sari Diego has d x w c  average siinimcr rains (July,  Ailpist,,  or 
September) the ensuing rainy season will likewise be average tn 
wet. with rr, 00 per cent probahi1it.y. 

The frirucast. values (.if appreciahle raiiis iri NiovemlJcr aa far 
siiiitli as Smda Barhara is nisi) cwisic1erei:l. 

The rrriufnll fl.JP t,he same ~ e n s m s  iii nort.herii, central, and south- 
ern Californin are si-imet.imes ~iri.iporti~~ii:tt,~Iy alike while ir i  other 
sc'asons they arc rarlicnlly differcrlt. Of t.hc senso11s iii wliicli there 
are 110 early nicivenient.s of  LOWS or IIU wninier rains at. Sari Diego, 
some are still average tu wet mea, but. all t.lic clry i,r 1inrtl.v dry 
seasons follow such raiiiless siiiniiicrs. 
T72e present sta.kts of seu.soma1 forec+sti.n,g.-The inves ti- 

gation of seasonal forecns ting of rainfall for C!nlifornia 
has until recent years been handica ped by lark of suf- 

area are abundant, But it is only since 1932 that we have 
been able to form much idea of conditions over the Pa- 
cific through radio reports. Thanlis to the siiccess o f  
the San Francisco office of the Weather Bureau in enlist- 
ing the cooperation of steamship companies, data from 
the oceanic area are now being received which will enahle 
us gradually to improve the. basis of our attenipts at  
seasonal forecasbing for California. This is a subject 
which, owing to it.s economic Importance, is well worth 
all the attention any investlgator can give to it. 

ficient data. Weather Bureau recnr 3 s for the cont.inenta1 

Though seasonal forecasting is a hafling sub'ect, it is 

years studied tlie niovernents and intensities of the mon- 
soons as affecting and forecclstinu the rainfall of India a few 
months in advance, and their eqforts have met with con- 
siderable success. For southern California, McEwen 
has investiuated the relation between the water tern- 
Jeratures ofzI the coast in summer and the rainfall of the 

iollowing rainy season. His method has so far produced 
very encouraging results. But we are still in the pioneer 
stage of long-range forecastin , and conclusions must be 

accumulates. 
T7i:rcr divisions of fhe Bta.te -for rainfdL-This St,ate is 

so gmerally considered as northern and soutliern Cali- 
fornia that meteorologists have fallen into the same 
habit.. I believe, however, that it  is much more accuratu 
to divide i t  into three sections, northern, central, and 
sout,liern. Even t.his demarcution is somewhat vague; 
however, as nearly as seemecl practicable, I have drawn 
t,he lines of division as follows: A line from northern 
Marin C!ounty to tlie city of Marysvillc would divide 
the northern from the central section, and a line from 
the coast a t  Monterey across to Merced would mark 
the division between central and southern California. 
Our main discussion will relate to t . 1 ~  central and southern 
California sections. 'Ylie dry region everywhere east of 
the Sierra is climatically always in a separate class. 

In  referring to  rainy seasons they nrr always under- 
stood on bhe Pacific const to begin with July 1 and to 
end with June 30. East of tlie Rockies the season agrees 
with the calendar yew. As to the kincls of rainy seasons, 
I diviilc t,lwrn into four types and consider that any 
further division woulcl lw mipracticable. It becomes 

not hopeless. The Indian meteorologists have i or many 

accepted tentatively and he1 f open to revision as data 


